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Abstract 
The effectiveness of methanolic and n-hexane crude extracts of Amaranthus spinosus to inhibit the 
spore germination of Phakopsora pachyrhizi, a causal agent of soybean rust disease was studied. Both 
methanolic and n-hexane crude extracts inhibited spore germination at concentrations of 0.1% to 5.0%. 
Methanolic extract of the roots at a concentration of 2.5% inhibited 55% of spore germination, and this 
result was similar when higher concentration at 5% of methanolic and n-hexane extracts of the flowers 
was used. The presence of alkaloids, flavonoids, tannins, saponins, and terpenoids in the extract may be 
responsible for the inhibition. The extract was potential to be utilized as a botanical fungicide. 
 
© 2014 The Authors. Published by Elsevier Ltd.  
Peer-review under responsibility of the organizing committee of Indonesian Food Technologist 
Community 
 
Keywords: Botanical fungicide, Amaranthus spinosus, soybean rust disease, Phakopsora pachyrhizi, 
spore germination 
 
Introduction 
Soybean rust disease caused by Phakopsora pachyrhizi Syd.& P.Syd. is one of the most 
destructive foliar diseases of soybean in soybean-growing area of the world. Yield losses from 10% to 
80% have been reported in the tropical and subtropical areas including Asia, Africa, and America, 
especially when environment conditions support disease development [1-5]. Severe infected crops 
defoliate and mature rapidly than healthy crops. Fungicides are effective in controlling the disease, 
however, their application is not a cost-effective way and not considered environmental friendly [3,4]. 
Application of natural fungicides extracted from plant materials can be used as an alternative control of 
this disease. 
Amaranthus spinosus L. is well known as an invasive weed. Amaranthus is adopted from the 
Greek “amarantos” which means “unfading”, also known as spiny amaranth, spiny pigweed, and 
prickly amaranth [6]. This fast growing weed is difficult to be eradicated from the environment. 
However, potential benefits of this weed extract have been reported such as antimalarial properties, 
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hepatoprotective and antioxidant activity [7,8]. The extract also poses antibacterial properties to both 
strains of gram-positive and gram-negative bacteria, along with the yeasts and dermatophytes. The 
weed especially flower extract contains secondary metabolites including flavonoids, coumarins, 
terpenoids, tannins, saponins, steroids, cardiac glycosides, and iridoids [6,9].  
Antimicrobial activities of Amaranthus extracts to inhibit the gram-positive of Staphylococcus 
aureus and Bacillus spp., the gram-negative of Escherichia coli, Salmonella typhi, Pseudomonas 
aeruginosae, Proteus mirabilis, and Klebsiella pneumonia were reported by Maiyo et al. [9]. However, 
a pathogenic fungus Candida albicans was resistant to the leave extract. Methanolic extract of this 
weed inhibited fungal growth of Fusarium sp., Aspergillus sp., and Alternaria sp. [6]. Recently, 
Yusnawan [10] reported that methanolic root extract of spiny amaranth collected from East Java, 
Indonesia inhibited more than 50% of spore germination of Puccinia arachidis, the causal agent of 
peanut rust disease. However, the antifungal activity of this weed extract originated from Indonesia to 
inhibit spore germination of P. pachyrhizi has not been conducted yet. Therefore, this study aimed to 
determine the effectiveness of roots, leaves and flowers of spiny amaranth extracted with methanol and 
n-hexane to inhibit the spore germination of P. pachyrhizi.     
 
    
Materials and Methods 
Fresh whole plant was collected from Kendalpayak research station, Malang, East 
Java,Indonesia. The plant was washed thoroughly with tap water to remove adhering materials. Roots, 
leaves and flowers were separated and dried. The dried samples were ground to form fine particles. 
Moisture content of each sample was measured before extraction. The samples were stored in air-tight 
containers before used. 
Two different polarities of solvents, i.e. methanol and n-hexane were used to extract active 
ingredients of the roots, leaves, and flowers. Maceration of each sample was conducted for 18 hours 
after shaking the suspension on an orbital shaker at 100 rpm for 4 hours. The supernatant was 
concentrated with a vacuum rotary evaporator. The concentrated extracts were weighed and made up to 
a known volume. The extracts were stored at 4oC in the dark for further use [10].    
The activity of the extracts to inhibit spore germination was conducted in a three-factor of 
completely randomized design. Polarity of the solvents, bioparts of the weed (roots, leaves, and 
flowers) and four concentrations (0.1%, 1%, 2.5%, and 5%) were the first, second, and third factors, 
respectively. Infected leaves containing mature urediospores of P. pachyrhizi were harvested from 
crops grown in a greenhouse. The infected leaves were incubated in petridishes for two days. The 
humidity at around 95% was maintained inside the petridishes by placing wet cotton layers. Spores 
were collected and suspended in sterile water. Inhibition of spore germination was conducted using the 
extracts. Phosphate buffer was used as a control [10].     
The methanolic and hexane extracts were subjected to phytochemical screening to determine the 
presence of secondary metabolites, i.e. alkaloids, flavonoids, tannins, saponins, and terpenoids. 
Specific colour reaction after being reacted with respective reagents was recorded. Mayer and Wagner 
reagents, Mg and HCl, FeCl3 and gelatin, Liebermann-Burchard reagent and H2SO4 were used to detect 
alkaloids, flavonoids, tannins, and terpenoids [11,12]. 
Secondary metabolites in the extracts were separated using silica gel plates. Mobile phases to 
separate alkaloids, flavonoids, saponins, and terpenoids were methanol:chloroform (0.5:9.5 v/v), 
chloroform:methanol (9:1 v/v), n-hexane:acetone (4:1 v/v), and n-hexane:ethyl acetate (2:8 v/v) 
[12,13,14]. The extracts (5 µl) were spotted on the plates and eluted using the suitable mobile phases.  
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Results and Discussion 
 
Antifungal activity test  
Methanolic and hexane extracts of the roots, leaves, and flowers were tested against spore 
germination of P. pachyrhizi. Both methanolic and hexane extracts inhibited spore germination at 
concentrations of 0.1 to 5.0% extracts (Fig. 1). At the highest concentration level (5.0%), both 
methanolic and hexane extracts of the roots and flowers inhibited 56-58% of spore germination. 
Interestingly, at a lower concentration (2.5%), only methanolic extract of the roots resulted the same 
inhibition as 5.0% extracts of the roots and flowers, which was 55% ungerminate spore. Lyses spores 
as indicated by breakdown of the cell wall showed the same trend. This result suggested that the 
methanolic root extract was more likely effective to suppress spore germination than leaf and flower 
extracts.  
The effectiveness of 2.5% methanolic extract of the root to inhibit spore germination of P. 
pachyrhizi was in agreement with a study conducted by Yusnawan [10]. Using the same concentration 
of the extract, spore germination of Puccinia arachidis was suppressed up to 58%, which was equal 
inhibition to the use of 5% methanolic extracts of the flowers and leaves of spiny amaranth. Both 
methanolic and hexane extracts to inhibit spore germination was not surprising. Plant secondary 
metabolites with polar properties were well dissolved in polar solvents, including flavonoid glycosides, 
tannins, and several alkaloids [15]. Polar solvents enhanced cell permeability and penetrated inside the 
cells, therefore, extracted endocellular secondary metabolites. These solvents were also effective to 
extract low molecular weights of phenolic compounds and medium levels of polarity [16], aglycons of 
flavonoids [17], anthocyanins, terpenoids, saponins, flavons, and polyphenolic compounds [18]. On the 
other hand, non polar solvents dissolved liphophilic compounds such as alcanas, waxes, pigments, 
sterols, several terpenoids, alkaloids, and coumarins [15]. In the case of 2.5% methanolic root extract of 
spiny amaranth inhibited more germinate spore may be related to the phytochemicals and concentration 
of active compounds in the extract. 
 
Phytochemical screening  
Most of the phytochemicals were observed in the methanolic extracts than in the hexane extracts 
(Table 1). Methanolic root extract contained more compounds than those in leaf and flower extracts. 
Mix extract (root, leaf, stem, and flower extracted in a single extraction) was also screened for 
comparison. The root extract had the same phytochemicals as the mix extract. Both root and mix 
extracts contained alkaloids, flavonoids, tannins, saponins, and terpenoids. These compounds in the 
root extract may be responsible for the effectiveness to inhibit spore germination at concentration of 
2.5%. Only one phytochemical was observed in hexane flower extract, whereas four active compounds 
were found in hexane mix extract. This result may be related to the presence of phytochemicals in 
small amount in the flower extract, therefore, undetected with suitable reagents.  
Methanolic extracts of the bioparts of spiny amaranth contained more diverse in phytochemicals 
than hexan extracts were in line with a study conducted by Sheeba et al. [6]. In their study, maximum 
numbers of phytochemicals were eluted by methanol. However, flower extract contained most of the 
phytochemicals, whereas in this study, most of the compounds were observed in the root extract. This 
discrepancy may be related to the different spiny amaranth used in the experiment. Several factors 
affected amount of plant secondary metabolites such as physiological variations, environmental 
conditions, geographic variations, and genetic factors and evolution [19].    
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Thin Layer Chromatography  
.Methanolic root extract in which at lower concentration of 2.5% inhibited the same spore 
germination as 5% concentration of all biopart extracts was separated on silica gel plates in comparison 
with the mix extract. This study aimed to confirm the presence of phytochemicals as a further study of 
the phytochemical screening and to determine the number of the compounds visualized as spots on the 
plates. Terpenoids were separated into four spots and these spots were the highest number among other 
active compound groups (Table 2). Interestingly, the mix extract contained eight spots of terpenoids 
with different Rf values from those of the root extract (Table 3). Using the same mobile phases, 
alkaloids and saponins of the root extract were not separated well, whereas those in the mix extract 
were distributed into eight and two spots, respectively.    
Some of plant secondary metabolites posses antimicrobial properties to combat plant pathogens 
besides having potential pharmacological effects [20,21]. Alkaloids are commonly toxic to other 
microorganisms and known to be antimicrobial. These compounds inhibit estarases, DNA and RNA 
polymerases of microorganisms. In addition, the alkaloids inhibit respiration of cells and act in DNA 
intercalation [22]. Most flavonoids protect plants from abiotic and biotic stresses, including protecting 
plants from pathogen infections [23]. Saponins are bioactive substances effective to inhibit the growth 
of microorganisms [24]. Terpenoids act as antimicrobial agents [25]. Tannins inhibit microbial growth 
due to hydrogen bonding with proteins [26]. Methanolic root extract containing alkaloids, flavonoids, 
saponins, terpenoids, and tannins may have activity to inhibit spore germination of P. pachyrhizi as 
observed in this study. 
 Further studies of green house as well as field experiments may be considered to determine the 
effectiveness of the crude extract concentrations to control P. pachyrhizi. Advantages of the use of 
crude extracts are simple in preparation, less labour and cost effective compared to the use of purified 
extracts. In addition, control of plant pathogens by application of weed extract of A. spinosus is 
considered more environmental friendly.         
 
Table 1. Phytochemical screenings of methanolic and n-hexane crude extracts of A. spinosus 
Phytochemical Methanolic crude extract  n-hexane crude extract 
 Root Leaf Flower Mix*  Root Leaf Flower Mix* 
Alkaloid + + + +  - + - + 
Flavonoid + + + +  - - - - 
Tannin + - - +  - - - - 
Saponin + + + +  + - - + 
Terpenoid + + + +  - + + + 
Steroid - - - -  + - - + 
+ showed positive results after being reacted with suitable reagents, - showed negative results. 
* whole plant (root, leaf, stem, and flower) was extracted in a single extraction 
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Table 2. Number of spots and secondary metabolite characteristics of the methanolic extract of the    
roots of A. spinosus after thin layer chromatography 
Secondary Number of Rf Spot colour 
Metabolite spot  Visible light UV light (λ=254 nm) UV light (λ=366 nm) 
Alkaloid 1 0.37 Yellow Brown Orange 
Flavonoid 2 0.54 Yellow Brown Light green 
  0.61 Yellow Brown Light green 
Saponin 1 0.61 Yellow Brown Yellow 
Terpenoid 4 0.35 No colour No colour Purple 
  0.68 No colour Brown No colour 
  0.76 Yellow Brown Yellow 
  0.84 No colour Brown No colour 
Tannin - - - - - 
Rf = retardation factor 
 
 
Table 3. Number of spots and secondary metabolite characteristics of the methanolic extract of the 
whole plants of A. spinosus after thin layer chromatography 
Secondary Number of Rf Spot colour 
Metabolite spot  Visible light UV light (λ=254 nm) UV light (λ=366 nm) 
Alkaloid 8 0.22 Green Brown Dark orange 
  0.25 Green Brown Green 
  0.28 Light green  Brown Green 
  0.37 Green Brown Dark orange 
  0.43 Green Brown Green 
  0.45 Green Brown Orange 
  0.55 Green Brown Orange 
  0.72 Green Brown Orange 
Flavonoid 4 0.52 Green Brown Dark orange
  0.68 Green Brown Dark orange
  0.73 Light green Brown Dark orange
  0.76 Light green Brown Dark orange
Saponin 2 0.21  Green Brown Light orange 
  0.92  Yellow No colour Light orange 
Terpenoid 8 0.48 Yellow No colour Yellow 
  0.54 Light yellow No colour Orange 
  0.63 Dark yellow No colour Orange 
  0.67 Dark yellow No colour Orange 
  0.71 Green Brown Yellow 
  0.74 Dark Yellow No colour Yellow 
  0.76 Light yellow No colour Orange 
  0.81 Light yellow Brown Light orange 
Tannin - - - - - 
Rf = retardation factor 
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(a) (b) 
  
(c) (d) 
  
(e) (f) 
Fig. 1. Numbers of ungerminate spores of P. pachyrhizi treated with methanolic crude extracts (a), 
ungerminate spores treated with n-hexane crude extracts (b), lyses spores treated with 
methanolic crude extracts (c), lyses spores treated with n-hexane crude extracts (d), germinate 
spores treated with methanolic crude extracts (e), and germinate spores treated with n-hexane 
crude extracts of A.spinosus. Bars show standard errors. 
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Conclusion 
 
Methanol was able to extract more plant secondary metabolites of A. spinosus than n-hexane. 
Methanolic root extract which contained alkaloids, flavonoids, tannins, saponins, and terpenoids at a 
concentration of 2.5% may be potential to be utilized as a botanical fungicide to control spore 
germination of P. pachyrhizi. Green house and field experiments may be considered as further studies 
of in vitro to determine the effectiveness of the extract to control this disease. 
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